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INTRODUCTION
Heat stress can decrease DMI and milk yield of dairy cows by 6 to 30% and 15 to 20%, respectively (St. Pierre et al., 2003) . At increased levels of milk yield, metabolic heat production rises with increased metabolism of nutrients, thereby causing high-producing cows to be vulnerable to high ambient temperatures and humidity (Kadzere et al., 2002) .
Research suggests that supplemental dietary niacin may improve the ability of lactating dairy cows to cope with heat stress. When niacin was fed during the summer months in Pennsylvania, the typical summer reduction in milk fat percentage was not observed (Muller et. al, 1986) . Niacin may enhance heat transfer from core to skin sites favoring heat loss to the environment by eliciting vasodilatory reactions (Di Costanzo et al., 1997) . Niacin supplementation decreased skin temperatures during mild or severe heat stress, suggesting potential beneficial effects in cows exposed to hot conditions (Di Costanzo et al., 1997) for alleviating reduced DMI and milk production.
Previous dairy cattle feeding trials with ruminally unprotected niacin have most commonly supplemented 6 g/d per cow (NRC, 2001 ). However, supplemental niacin is extensively degraded in the rumen. Only 7 to 17% of supplemental niacin reaches the duodenum (Campbell et al., 1994) . Absorption of niacin through the rumen appears to be very minimal (Erickson et al., 1991; Campbell et al., 1994) . With advances in vitamin encapsulation technology, a niacin product, NiaShure, was developed to protect niacin from ruminal degradation (Balchem Corp., New Hampton, NY). Zimbelman et al. (2010) reported that feeding this rumen-protected niacin product increased evaporative heat loss during peak thermal load and slightly reduced rectal and vaginal temperatures in lactating dairy cows experiencing a mild thermal load. The objective of this experiment was to evaluate the effect of the rumenprotected niacin product NiaShure on lactation performance by dairy cows during the summer in Wisconsin.
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MATERIALS AND METHODS
The trial was conducted from late June through early September 2010 at the University of Wisconsin-Madison Emmons Blaine Arlington Dairy Research Center (Arlington, WI). The Research Animal and Resource Center of the College of Agriculture and Life Sciences at the University of Wisconsin-Madison approved the experimental protocol. Eighty cows (63 ± 29 DIM) were used in a 10-wk lactation trial (a 2-wk pretreatment covariate period followed by an 8-wk treatment period). Cows were stratified by breed (Holstein vs. Holstein-Jersey crossbred), parity (primiparous vs. multiparous), and DIM and randomly assigned to 10 pens of 8 cows each. Pens were assigned randomly to either control (CON) or rumen-protected niacin (RPN) TMR. Cows were housed in a free-stall barn and were provided with forced-air ventilation (wind velocity = 4 m/s) using 3-mdiameter fans, milked in a parlor, and pen fed at a drive-by feed bunk from the center feed alley. Each pen had one sand-bedded free-stall and one self-lock head gate at the feed bunk available per cow.
Diets were formulated to meet or exceed NRC (2001) requirements for macro-and trace-minerals and vitamins A, D, and E. The CON or RPN premixes were added to TMR at the rate of 57 g/d per cow to provide a daily supplemental RPN intake of 0 or 12 g/d per cow. The premixes were prepared by Vita Plus Corp. (Madison, WI) using wheat red dog as a carrier. The CON and RPN TMR were mixed and fed daily at 0900 h for ad libitum consumption, targeting a 5% daily feed refusal for each pen. Individual pen TMR amounts fed and refused were measured daily. The DM contents of alfalfa silage and corn silage were determined weekly using a 60°C forced-air oven to adjust as-fed ratios of diet ingredients in the TMR. Alfalfa silage, corn silage, concentrate mix, distillers dried grains, and CON and RPN TMR samples were obtained weekly. Samples were dried for 48 h in a 60°C All cows were injected every 14 d with bovine somatotropin (Posilac, Elanco, Greefield, IN) during the trial starting on d 1 of the covariate period. Cows were milked twice daily, and production was recorded at each milking during the trial. Milk samples collected at 4 consecutive am-pm milkings each week were composited by pen, and composite samples were analyzed for fat, true protein, lactose, and milk urea nitrogen by infrared analysis (Ag Source Milk Analysis Laboratory, Menomonie, WI).
Pen-based BW; individual-cow BCS (1 to 5 in 0.25 increments; Wildman et al., 1982) ; individual-cow rectal temperature; and weekly maximum, minimum, and current ambient temperature and humidity were recorded on the same day (Thursday at 1300 h) each week. Rectal temperature was measured by a rectal probe (Copper TM99A Digital Temperature Instruments, Harrison, OH), and ambient temperature and humidity were measured by a Thermo-Hydrometer (TFA Digital Max./Min. Thermo Hygrometer, TFA Dostmann GmbH & Co., Wertheim-Reicholzheim, Germany). Temperature-humidity index (THI), an indicator of the combined influence of temperature and humidity, was calculated according to Kelly and Bond (1971) . Body weight change was the slope of regression of weekly BW measurements across the 8-wk treatment period. Three cows were removed from the trial during the latter weeks of the trial. One cow was removed because it developed toxic mastitis. The other 2 cows were removed because of teat injuries. These cows were not replaced.
Data were analyzed as a completely randomized design with a covariate using Proc Mixed (SAS Institute, 2004 ) with week of treatment as repeated measures using the first-order autoregressive covariance structure, which provided the best fit according to Sawa's Bayesian information criterion. The model included fixed effects of treatment, week, and the treatment-by-week interaction and the random effect of pen within treatment. All data were analyzed using pen as the experimental unit. Data from one pen in the last week of the trial were excluded from the analysis because only 5 cows remained in that pen; that pen had been assigned to the RPN treatment. Degrees of freedom were calculated using the KenwardRoger option. Means were determined using the least squares means statement, and treatment means were compared using the PDIFF option. Significance was declared at P < 0.05 and trends at P > 0.05 and P < 0.10.
RESULTS AND DISCUSSION
The ingredient and nutrient composition of the diets is presented in Table 1 . Least squares means for milk yield, composition, and component yields of cows fed diets with and without addition of RPN are presented in Table 2 and were unaffected (P > 0.10) by treatment. Similar to our results, previous studies (Martinez et al., 1991; Erickson et al., 1992; Bernard et al., 1995) reported that milk yield was unaffected by dietary niacin supplementation. Others (Horner et al., 1986; Drackley et al., 1998) , however, reported increased milk and FCM yields in response to dietary niacin supplementation. Drackley et al. (1998) Muller et al. (1986) reported that feeding niacin at 6 g/d increased milk and FCM yields. The reasons for the inconsistent production responses to niacin supplementation among trials are not clear.
Treatment effects on covariateadjusted least squares means for DMI, BW, BW change, BCS, and feed efficiency are presented in Table 3 . Dry matter intake, BW, and BCS were unaffected (P > 0.10) by treatment and averaged 27.3 kg/d, 716 kg, and 2.80, respectively. In agreement with our results, previous studies (Horner et al., 1986; Jaster and Ward, 1990; Martinez et al., 1991; Erickson et al., 1992) reported that supplemental dietary niacin did not affect DMI. Other studies (Drackley et al., 1998; Morey, 2010) , however, reported that supplemental dietary niacin decreased DMI either prepartum or during early lactation. In the current study, milk (kg of milk/kg of DMI) and FCM (kg of FCM/kg of DMI) feed efficiencies were unaffected (P > 0.10) by treatment. In contrast, Schwab et al. (2005) reported that FCM feed efficiency was 0.03 units greater (P = 0.09) for the niacin treatment than for the control as a result of greater FCM yield with no change in DMI. In the current study, BW change tended (P < 0.09) to be reduced for cows fed RPN.
As presented in Table 4 , mean body temperatures were unaffected (P > 0.10) by treatment. Likewise maximum and minimum body temperatures were unaffected (P > 0.10) by treatment. Weekly maximum, minimum, and current (each Thursday at 1300 h) ambient temperature and humidity data during the treatment period are presented in Figures 1 and  2 , respectively. Maximum ambient temperatures were around 30°C during the first 5 wk, increased to 34.2°C in wk 6, and peaked at 37.9°C in wk 7. Minimum temperatures ranged from 12 to 20°C during the treatment period. Current temperatures were around 25°C during the first 5 wk, reached 30.7°C in wk 6, and decreased to 21.3°C in the last week of the trial. Weekly maximum ambient humidity approached 100% throughout the 8-wk treatment period, whereas the minimum humidity averaged 40%. Current humidity ranged from 42 to 99% across the treatment period. Calculated THI data by week of treatment are presented in Figure 3 . Maximum THI was around 86 during the first 5 wk, indicating severe heat-stress conditions (Moran, 2005) . Corresponding to the high ambient temperature and humidity during wk 6 and 7, maximum THI reached 93
and 100, respectively. Weekly current THI averaged 74 and ranged from 67 to 81, which suggests conditions of mild heat stress (Moran, 2005) when body temperatures were being measured.
High ambient temperature and humidity are among the main environmental factors creating stress on animals (Kadzere et al., 2002) . The THI incorporates the effects of both temperature and relative humidity and is commonly used to quantify the degree of heat stress to which dairy cattle are exposed (NOAA, 1976; Vitali et al., 2009 ). The THI is related to body temperatures of cattle exposed to heat stress (Dikmen and Hansen, 2009) , and the negative relationships between THI and milk production by dairy cows have been reported (Bouraoui et al., 2002; Vitali et al., 2009) . Recently, Vitali et al. (2009) reported that maximum and minimum THI above 80 and 70, respectively, would increase death loss in dairy cattle. In our study, weekly maximum THI averaged 89, higher than the value mentioned above, although minimum THI was around 60. No deaths or health problems related severe heat stress were observed during the treatment period.
Dairy cows naturally have a high metabolic rate, and the metabolic heat output rises with increased milk production; thus they are vulnerable to heat stress (Kadzere et al., 2002) . To dissipate the excess heat and maintain body temperature, dairy cows will increase respiration rate and reduce rumination and nutrient absorption, leading to a shortage of nutrients and energy available for milk production (Baumgard and Rhoads, 2009) . Recently, Zimbelman et al. (2010) reported that supplemental RPN reduced body and vaginal temperatures in lactating dairy cows experiencing a thermal load. Di Costanzo et al. (1997) reported that niacin did not affect body temperature during heat stress. However, they observed reduced skin temperatures, respiratory frequencies, and rump temperatures, suggesting a potential positive role of supplementing niacin in cows exposed to heat-stress conditions. In our study, however, dietary niacin supplementation did not affect body temperatures of dairy cows or their lactation performance.
IMPLICATIONS
Under summer conditions in Wisconsin, dietary supplementation with RPN at 12 g/d per cow did not affect lactation performance or body temperature of dairy cows. Further research will be needed to determine specific heat-stress conditions in which supplemental dietary niacin may be effective.
